California's state and local tuberculosis (TB) programs collaborated to develop the Tuberculosis Indicators Project (TIP), a program evaluation and improvement process. In TIP, local and state staff review data, identify program gaps, implement plans to improve local TB program performance, and evaluate outcomes. After 10 years of project implementation, indicator performance changes and patient outcomes were measured. Eighty-seven percent of participating programs showed a performance increase in targeted indicators after three years compared with 57% of comparison groups. Statistically significant performance change was more common in the intervention local health departments (LHDs) than in comparison groups. The most notable performance changes were in the contact investigation and case management indicators. These results indicate that this systematic evaluation and program improvement project was associated with improved LHD TB control performance and may be useful to inform improvement projects in other public health programs.
In 1998, the California Department of Public Health, Tuberculosis Control Branch (TBCB) sought to enhance its program evaluation and improvement efforts. The evaluation process had two aims: (1) to measure the effectiveness of California tuberculosis (TB) control programs in implementing well-established TB control guidelines and ensuring positive patient and public health outcomes and (2) to focus interventions where gaps were identified. From 1998 to 2000, the TBCB worked closely with local health departments (LHDs) to design TB program performance indicators and a collaborative process for the state and local TB programs to use the indicators. The resulting evaluation and program improvement initiative, called the Tuberculosis Indicators Project (TIP), was launched in 2000.
In this article, we describe the implementation of an evaluation framework in multiple high-morbidity local TB control programs in California. We also quantify the program performance changes associated with TIP and examine why these changes might have occurred.
BACKGROUND
After decades of decline in the number of reported cases of TB in the United States, there was a national resurgence of TB in the early 1990s. 1 Since then, the number of reported TB cases has steadily decreased, greatly due to the development of effective interventions enabled by increased resources. 2 California reports the highest TB morbidity of any state in the U.S., with more than 2,300 active TB cases annually, and one of the highest case rates at more than six cases per 100,000 people. 3 The California state TB program, the lead agency for TB control, provides funding, consultation, and oversight to LHDs throughout the state. The 61 LHDs in California conduct TB surveillance, provide or oversee clinical and case management for TB patients, and conduct TB contact investigations. Control of TB in California is complicated by the fact that more than one-third of TB cases receive all of their clinical care in the private sector and more than half of the cases receive at least some of their care from private providers; 4 however, LHDs are responsible for ensuring the quality of care provided for all TB cases. Effective communication and collaboration between public and private agencies are required for performance objectives to be met.
In 2000, California initiated a structured, collaborative process for using TB indicators to improve performance. Nineteen LHDs with at least 30 TB cases per year participated in the project. Collectively, these LHDs reported 93% of California's TB cases.
Through collaboration between local and state TB programs, a set of TB control indicators was developed. To improve indicator performance, a systematic process for selecting and evaluating interventions and measuring outcomes was designed. The TIP process fosters state and local collaboration in developing, implementing, and evaluating programmatic interventions designed to improve performance on targeted indicators. Figure 1 presents a comprehensive list of the TIP indicators and Figure 2 describes the steps of the improvement cycle. State and local TB teams work together to review data, select interventions, and evaluate outcomes. The interdisciplinary state teams include a program consultant and an epidemiologist, with fiscal, physician, and administrative support when needed. The local team typically includes the TB controller, program manager, nursing and allied health professional supervisors and staff, and an epidemiologist where available. Figure 3 specifies the local and state roles in TIP implementation.
New TIP cycles are launched when LHD and TBCB staff indicate readiness to begin the multiyear program improvement process. The state and local teams initially meet to review the indicator data and select an indicator for intervention. Once the indicator is selected, staff members identify possible factors contributing to underperformance and then develop a performance improvement plan. The plan is revisited at regular intervals to monitor progress and to assess short-term impact. The long-term outcomes are measured when data become available. Each program improvement cycle averages two years and includes multiple in-person meetings between the state and local TB program staff.
METHODS
In this retrospective observational analysis, the study period was 2000-2010. We assessed all TB cases reported during this time frame in the 19 California TIP LHDs. We compared outcomes of cases from California LHDs implementing interventions to improve performance on a specific indicator through TIP with those of cases from California LHDs participating in TIP but not targeting the specific indicator for improvement.
Data sources
Indicators measuring TB control activities were calculated using surveillance data sources for TB cases 5 and contacts. 6 Case reports are submitted to the state 
Analysis
We identified LHDs implementing interventions as part of TIP (hereafter, intervention LHDs) with at least three years of available data during and after intervention implementation. Data from the year immediately prior to the intervention period served as the baseline year. Three years was chosen for the time interval to allow for gradual implementation of more complex interventions; it was also sufficient to observe performance changes related to the intervention. We compared cases or contacts in each intervention LHD for an indicator with pooled cases or contacts from all other TIP LHDs that were not implementing interventions for that same indicator during that same three-year period. Baseline and follow-up years were selected based upon the year TIP interventions began; therefore, they differed among LHDs. Separate comparisons were made for LHDs that implemented interventions for the same indicator but during different time periods to account for differences in secular trends in indicator performance during different time periods. We used the Chi-square test of proportions to assess statistical significance of performance change between intervention and comparison groups of cases or contacts, comparing aggregate baseline and three-year performance between the two groups for each indicator and time period. Within indicators, we stratified by baseline year to control for changes in baselines over time. When more than one LHD implemented interventions for a given indicator in the same time period, we analyzed results for cases or contacts in each intervention LHD. We calculated the absolute percentage change in performance between baseline and year three of performance improvement plan implementation for each intervention and comparison group. The performance change was designated as positive when the change was in the direction of the desired outcome. For most indicators, the desired change was a numerical increase in the indicator result. However, for two TIP indicators, 
TIP steps Activities
Perform initial assessment • Perform infrastructure assessment to determine local capacity to meet TB control standards.
• Perform initial review of indicator data comparing local program performance with statewide performance and state/national objectives. • Select indicators for additional analyses.
Analyze and plan
• Perform chart reviews, additional stratifications of surveillance data, and key informant interviews to identify possible reasons for suboptimal indicator performance. • Select indicator(s) to target for intervention. • Develop contributing factors diagram that depicts factors hindering optimal program performance.
Develop and implement performance improvement plan
• Develop a performance improvement plan for targeted indicator(s). • Implement performance improvement plan.
Evaluate
• Conduct short-and long-term evaluation of the performance improvement plan: State TB control branch 1) Provide Web-based indicator reports.
2) Serve as evaluation consultants and facilitators, providing guidance, tools, and technical assistance throughout the process.
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Inappropriate Self-Administered Therapy (SAT) and Pediatric TB Cases, a decrease in the indicator result was the desirable outcome, and numerical decreases were shown as a positive result.
OUTCOMES
From 2000 to 2007, 15 TIP LHDs developed 29 performance improvement plans for 12 separate indicators.
By the end of the study period in 2010, three-year outcomes were available for 25 plans. One plan was omitted from outcome analysis because the baseline performance was zero and relative change could not be calculated. We analyzed the outcomes of 24 performance improvement plans. The number of cases or contacts in LHDs implementing performance improvement plans ranged from 14 to 1,275. The number of cases or contacts in each comparison group ranged from 670 to 10,717, according to the time period and indicator.
Results of the performance change analysis are shown in the Table. We observed improved outcomes following three years of implementation in 87% (21/24) of the performance improvement plans, while 57% (12/21) of the comparison groups saw improvement during the same time period. Statistically significant performance change at the p,0.05 level was more common in the intervention LHDs than in the comparison groups. Following implementation of performance improvement plans, 50% (12/24) of the intervention LHD groups showed significant improvement, with no significant declines in performance. Among comparison groups, 33% (7/21) showed significant improvement while 10% (2/21) significantly worsened.
Structured feedback from both LHD and state staff participating in the project indicated that TIP provided a forum for improved collaboration between the two entities, and LHD staff expressed satisfaction with both the TIP process and outcomes.
Amenability to intervention
The difference in performance change between intervention and comparison groups was shown most clearly for the Contact Evaluation indicator, which measures the percentage of close contacts to infectious TB cases who are fully evaluated for TB disease and infection. For this indicator, performance in all four intervention LHDs significantly improved (range: 6%-26%, all p,0.005), while performance in two of the three comparison groups significantly declined (by 22% and 23%, both p,0.005) (Table) .
Two other indicators of note concerned the provi-sion of directly observed therapy (DOT) to patients with special indications for ensuring treatment completion, such as those with drug-resistant TB. Three LHDs focused on ensuring that high-priority patients received all treatment via DOT, and two aimed to prevent high-priority patients from receiving SAT throughout treatment. All five intervention LHDs showed improved performance compared with baseline (range: 1%-70%). Three of the five comparison groups showed improvement (range: 3%-14%) and the remaining two comparison groups showed performance decreases (21% and 23%).
Another indicator that showed significant improvement after TIP implementation was Contact LTBI Treatment Initiation. The LHD that targeted this indicator improved 34% (p,0.005) while the comparison group declined by 1% (p50.125).
The other seven indicators showed improvement in intervention LHDs after implementing 11 of 14 performance improvement plans. Eight of the corresponding comparison groups also showed performance increases, with one decline and three instances of no change. Figure 4 shows seven categories of interventions included in TIP performance improvement plans. The Appropriate DOT/Inappropriate SAT indicators were combined in Figure 4 because the interventions for the two indicators had the same goal: to increase the use of DOT in high-priority patients. While there was a wide range in the number of intervention types implemented by LHDs to improve indicator performance, the most common interventions were the use of internal quality assurance processes, the development of new forms and LHD processes, and the implementation of outreach and education for private medical doctors (PMDs). Nearly half of all indicators had reporting issues that were identified and addressed through the TIP process.
Interventions implemented to improve performance

LESSONS LEARNED
Eighty-seven percent of LHDs targeting an indicator for improvement showed performance improvement after implementing interventions using the TIP process. In contrast, 57% of the comparison groups saw improved performance for those indicators.
Of all of the indicators, the most notable improvement was seen in the Contact Evaluation indicator. All four intervention LHDs saw statistically significant performance increases while two of the three comparison groups had statistically significant performance decreases. Interventions cited by LHD key informants Public Health Reports / September-October 2013 / Volume 128 as contributing to their performance change included prioritization of contacts, staff training, development of educational materials and tools, and efforts to improve data quality. Also, the performance improvement plans for the Contact Evaluation indicator included interventions from all seven intervention categories, and it is possible that the breadth of interventions contributed to the observed performance improvements. Ensuring that patients adhere to and complete an appropriate treatment regimen is a key responsibility of TB control programs. 7 DOT is used to ensure that TB patients are taking their required medications until cure. 8 Improvement was noted in all five LHDs targeting the two indicators focused on DOT (i.e., Appropriate DOT and Inappropriate SAT), with one LHD observing a performance change from 29% to 89%. Similar to the Contact Evaluation indicator, the DOT/SAT performance improvement plans included a wide range of intervention types, which also may have contributed to the improved outcomes.
Monitoring of sputum cultures until conversion is performed to ensure that patients are responding to therapy and to determine the appropriate length of treatment. 9 Improvement was seen in two of three performance improvement plans targeting the Culture Conversion indicator. Local TB program staff reported that a review of culture status at case conferences, the development of a tracking tool, the identification of alternate means for sputum specimen collection, and the development of a clinic protocol all likely contributed to performance improvement. Both health departments and PMDs provide care for active TB cases and their contacts. While several performance improvement plans included interventions directed toward PMDs, LHDs targeting the Contact LTBI Treatment Initiation, Timely Reporting, and Complete Reporting indicators all reported that their improved communication with PMDs was key to performance change. All three of these indicators showed performance improvement after TIP implementation. Public health budget reductions and U.S. health-care reform will further increase the need for LHDs to effectively work with the private health-care delivery system.
Contact Identification, Contact LTBI Treatment Completion, and Pediatric TB Cases indicators were the least likely to show significant improvement in either the intervention or comparison groups. Contact identification can be challenging, as TB patients are often reluctant to share contact information due to diseaseassociated stigma, embarrassment, or involvement in illegal activities. Ensuring completion of treatment for both TB cases and contacts also presents a significant challenge for TB control practitioners. 9, 10 Treatment is lengthy and must be provided even when patients do not feel sick. Patients with TB disease or infection often have competing priorities in their lives, including substance abuse and/or homelessness, which make adhering to a treatment regimen difficult. 11 Multiple factors contribute to the development of pediatric TB, and missed opportunities for TB prevention in this population are well-documented. 12, 13 As mentioned previously, the most common interventions across all LHDs and indicators were the use of internal quality assurance processes such as case conferences, the development of new forms and LHD processes, and outreach and education for PMDs. Case conferences are recommended for identifying and Public Health Reports / September-October 2013 / Volume 128 Figure 4 . tuberculosis resolving programmatic issues in TB control, as they provide a forum for monitoring clinical, case management, and contact investigation processes and outcomes. 14, 15 In TIP, state staff provide tools and technical assistance to help LHDs implement case conferences. Cohort review, another program improvement strategy, has recently been adopted by several California LHDs but was not included as an intervention in any of the TIP performance improvement plans included in this study. LHDs can implement new forms and processes without significant resources but with a significant impact. After a successful TIP intervention has been implemented, state and local staff are able to share the tool and/or process with other LHDs. An example of this information sharing is the development of a fact sheet on state letterhead that LHDs can use to educate PMDs about the need for DOT in high-risk patients. Several performance improvement plans contained interventions to correct reporting issues identified during the TIP process. According to LHD management staff, five indicators likely improved, at least in part, because of improved data quality.
Limitations
Our analysis was subject to several limitations. Other factors outside of interventions driven by TIP that could have impacted performance were not systematically evaluated, such as changes in local funding, staffing, or concurrent non-TIP interventions. For some indicators, such as Pediatric TB Cases, small numbers of cases for analysis may have hampered our ability to evaluate improvement using statistical significance tests. Small numbers were also a limitation in comparing the small case or contact numbers of the intervention LHDs with larger pooled comparison groups of cases or contacts; there was greater power to detect a statistically significant change for the comparison groups.
The variation among LHDs that participated in TIP also may hinder generalizability. Additionally, state and local TB program staffing levels and budgets have diminished since the study period began. Thus, it is not known if these results are reproducible at the present time, given current resources.
When LHDs implemented interventions to improve performance on a specific indicator, such actions may have had a positive impact on other TB practice areas. For example, implementing case conferencing to improve DOT might also improve culture conversion. This improvement might have affected performance in indicators not specifically targeted and could account for some of the program performance improvements that were seen in the comparison groups. Also, a review of indicator data occasionally resulted in LHDs initiat-ing interventions to improve indicator performance without developing a formal performance improvement plan.
CONCLUSIONS
The results of our evaluation suggest that this systematic improvement and evaluation project was associated with improvements in TB control performance indicators in California. Findings include improved TB control outcomes after implementing 21 of 24 performance improvement plans, and a higher proportion of statistically significant improvements in intervention groups vs. comparison groups.
In addition to providing California with a process to use data to guide TB program performance efforts, TIP implementation has also contributed to improved data quality and increased collaboration between the state TBCB and LHDs. While the concept of an indicator set has already been replicated nationally by the Centers for Disease Control and Prevention as the National TB Indicators Project, 16 the systematic improvement process used in TIP could also be replicated by other public health programs. In an era of declining public health resources 17 and loss of the infrastructure necessary for key public health activities, 18 interventions such as TIP can help ensure that limited resources are used effectively for program improvement.
Further research is needed to increase our understanding of how inputs such as funding, staffing, and program organization impact program performance. Data are also needed to strengthen the evidence base for TB program interventions.
